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Introduction
T he relevance of the health impact of air pollution is well documented by a number of studies performed in different countries. Chronic exposure to urban air pollution is indeed responsible for cancer induction, mainly lung cancer, respiratory and cardiovascular diseases and the subsequent burden of deaths. [1] [2] [3] [4] A positive association between air pollution and urinary bladder cancer has also been observed. 5 Particulate matter (PM) has been considered one of the main causal agents explaining the health impact from air pollution. Fine particles, with aerodynamic diameter less than 2.5 mm (PM2.5), seem to be the most involved in the human health outcome, due to their longer persistence in the atmosphere, their composition mainly related to toxic emissions from traffic and building heating and their deeper deposition in the respiratory tract, as evidenced by several epidemiological studies in Europe and worldwide showing associations with total mortality, lung cancer and cardiovascular diseases. 6-8 Nevertheless PM2.5 measures are not always available, also because of the more recent introduction of their official monitoring in many countries in comparison to particles with aerodynamic diameter less than 10 mm (PM10). [9] [10] [11] Several recent analytical studies reported lung cancer hazard ratio (HR) or relative risk (RR) for PM10 and PM2.5 increases of 5À10 mg m
À3
. [12] [13] [14] A geographical study on female lung cancer mortality due to exposure to PM2.5 in Taiwan showed an increase of 16% for each 10 mg m À3 increase of PM2.5 concentration in 290 townships. 15 Applying different PM detection methodologies, some studies and meta-analyses showed very different values for PM2.5 attributable fraction of lung cancer, ranging from less than 1 to 25% for 187 worldwide countries, 16 A statistically significant though moderate decreasing trend was found in the majority of the PM10 and NO 2 Italian concentration time series, while no downward trend was measured in the large majority of O 3 time series. 8 Moreover, due to its good correlation with other urban air pollutants, with the exception of O 3 , PM is a good indicator of air quality where traffic and building heating are the main emission sources.
Unfortunately, in most Italian cities, PM10 is the only indicator still available, even though in the last years PM2.5 monitoring has also been spreading.
In this frame, the purpose of the present paper was to estimate the burden of female lung cancer deaths associated to particulate matter mean annual concentrations in the 2000-11 period, by a geographical analysis based on lung cancer mortality in the Italian province capital cities' municipality areas with available monitored concentrations. Females have lower risk to develop lung cancer in comparison with males but, even though a growing body of research aimed at understanding the role played by sex and gender in lung cancer onset exists, the phenomena is very complex and still not completely understood. It may be a consequence of different exposures to risk factors such as smoking, professional exposure to lung carcinogens, hormonal differences and the diet. In developed countries however, mortality rates are beginning to decrease in men and to increase in women with male/female mortality ratios showing signs of narrowing. 20 This phenomena can be observed also in Italy where, in the period 2000-11, male/female ratio was 3.7, moving from 4.51 in 2000 to 2.96 in 2011. We restricted the present study to the female population, both to reduce the confounding effect of occupational exposures and to focus on an association previously investigated mainly in men. Moreover, we introduced some indicators of smoking habits and socio-economic status. Indeed, it is well known that, besides occupational exposures, tobacco smoking is the main etiologic factor of lung cancer together with socio-economic status, 20, 22 air pollution and radon in breathable air. [23] [24] [25] Unfortunately, up to now mean annual levels of radon in Italy have been defined for some municipalities only and just a few of them are the province capital cities of our study. 26 Therefore we could not introduce them in the multiple regression analysis.
Methods
The data collected for regulatory purposes from the regional air quality monitoring network, strictly following the criteria stated in the legislation in force (D.Lgs 155/2010; Directive 2008/50/EC), have been used in the present investigation [27] [28] [29] [30] (Supplementary Web Appendix 1). PM measures from urban and suburban background stations were considered; traffic stations, and rural and industrial ones, not representative of the exposure of the majority of resident populations, were not included. PM concentrations were considered representative and acceptable when two conditions were simultaneously present for each monitoring station: (i) at least 75% valid daily data per year and (ii) at least three valid annual means during the last 5 available years .
The Italian nation-wide air quality monitoring network has become to be developed since the early 2000, with a slower implementation in the southern Italian regions. As a result, long-term PM10 continuous data are available from a limited number of the current network monitoring stations. Moreover, PM2.5 widespread monitoring started only after the 2008/50/CE Directive. For this reason, in order to have the same temporal data coverage on the highest number of municipalities, only data from 2008 to 2012 could be used in the present study. Both PM10 and PM2.5 values were registered.
Mean annual concentrations for the available years were then calculated for each municipality and exceedances of the Italian limits and of the WHO guidelines were evaluated.
However, due to their sparse number, PM2.5 values were only considered for descriptive purposes. Number of deaths, standardized mortality rates (SMRate) (standard population: 2001 Italian census) and corresponding standard errors (SE) were calculated for all the Italian province capital cities where PM10 or PM2.5 mean annual levels, measured by monitoring stations, were available (64 and 32 municipalities, respectively).
Data on smoking habits were extrapolated from a multi-scope investigation on daily life aspects carried out on randomly selected families by ISTAT in 2015 21 (Supplementary Web Appendix 1). The deprivation index (D.I.), 22 calculated on the basis of five deprivation indicators, was used as a continuous variable and, in order to avoid negative numbers, was normalized by adding a constant and setting at 1 the lowest value (À3.214) (Supplementary Web Appendix 1).
The above indicators were loaded in a Geographic Information System in order to be plotted and visualized on maps.
Weighted least square (WLS) multiple regression analysis was performed. SMRate was considered as the dependent variable in the model, while PM10 concentrations, % smokers and D.I. were the explanatory variables.
The variables entered in the model did not undergo any statistical transformation, all of them showing approximatively a normal distribution.
The reciprocal of the SE of each SMRate was used as weight in order to minimize the variability due to the different population size of each municipality (from 9451 to 1 640 339 people). The goodness of the multiple regression model was tested by the computation of the tolerance indexes and by the analysis of residuals.
The value of the PM10 partial regression coefficient (b), corresponding to the unit risk of lung cancer deaths, was used to estimate a proxy of the attributable risk and the attributable number of deaths (AD) for each municipality and overall, for an exposure above a threshold of 20 mg m À3 of PM10. Such a concentration corresponds to the WHO guideline for PM10 exposure, which is considered the lower concentration associated with an adverse effect and not includes any other consideration than protecting human health. 1 The number of attributable deaths for exposures higher than 20 mg m À3 was computed both by the unitary SMRate increase estimated by the WLS multiple regression and by the overall SMRates differences between the two subgroups under/equal and above the same threshold (Supplementary Web Appendix 1) .
All statistical analyses were performed by software package SPSS for Windows (SPSS, Inc.).
Results
In Supplementary Web Appendix 2, female lung cancer SMRates and PM10 mean annual concentrations are shown. As a matter of fact, air pollution control is more developed in Northern and, to a lesser extent, in Central Italy, but poorly implemented in the South and Islands. Therefore, the distribution of the municipalities at study is not homogeneous in geographical terms.
Female lung cancer SMRates in the selected municipalities with available PM10 concentrations, ranged from 10.91 to 33.06 x 100 000, with a total of 24 149 female lung cancer deaths. In the PM2.5 subgroup, it ranged from 16.00 to 33.06 x100 000 with a total of 16 675 deaths for the period 2000-11. The highest levels of mortality were mainly observed in northern Italy and the lowest ones in southern and central-eastern municipalities. The corresponding Italian mean overall rate for female was 19.08 (95% CI 18.94-19.23) x 100 000, with a total female lung cancer deaths of 72 283 in the considered period.
PM10 concentrations were between 15 and 44 mg m In figure 1 , the scatterplots of PM10 and PM2.5 mean annual levels and percentage of smokers vs SMRate values are shown.
Results from WLS multiple regression analysis are reported in table 1. The overall R 2 value is 0.44 and the adjusted R 2 is 0.41. The explanatory variables with a partial regression coefficient significantly different from 0 are PM10 and % smokers (P < 0.001) with standardized coefficients , respectively, 0.48 and 0.57. Not standardized partial regression coefficients (B p ) are 0.325 (95% CI 0.189-0.462) and 0.611 (95% CI. 0.349-0.873), respectively. D.I. showed a near-significant association with a P = 0.052.
The tolerance indexes are all over the value of 0.5, evidencing an acceptable grade of multicollinearity. The regression diagnostics have shown the respect of all the assumptions.
On the basis of the regression model, as shown in table 2, the number of lung cancer attributable deaths due to PM10 exposure 
Discussion
The link between PM exposure and lung cancer has been well known for many years, but the recent IARC inclusion of outdoor air pollution and PM in Group 1 of carcinogenicity has definitely clarified the causal nature of such an association. 5 Next step should be the definition of the unit risks (UR) for both PM10 and PM2.5 by the International Agencies involved in risk assessment such as WHO, US EPA, Californian EPA etc. to be used in risk assessment analysis.
The present geographical epidemiological study on female lung cancer mortality is the first one carried out in Italy on all the province capital city municipalities with available mean annual concentrations of PM, as detected by the official monitoring stations, using a standardized procedure. The total population included represents only the 22.5% of the Italian population and therefore the results cannot be extrapolated to the whole country. The aim was indeed to verify both such an association and its strength using the real concentrations of PM10 at which people were exposed. However, it seems fair to underline that the present investigation suffered of some unavoidable limitations. It is a geographic epidemiological study based on resident population and therefore direct measures of PM exposure and other confounding factors at individual level were not possible. The selected indicators derived from the current information flow data, such as ISTAT mortality data and D.I., and % smokers derived from the ISTAT random sample investigation, less precise and punctual than data collected for a specific investigation. Moreover, current indicators are not always available for all the municipalities and for all the explanatory variables potentially involved in the health outcome at study. The last two mentioned limits are the cause of both the rather small number of municipalities investigated and of the exclusion of other important variables from the WLS regression analysis.
Concerning PM measures in particular, we could enter in the regression analysis only PM10 concentrations because in most Italian cities PM2.5 measures are still not available. Even focusing on PM10, only 64 out of the 118 province capital city municipalities could be included, with a resident population representing only 22.5% of the overall Italian female population. Mean annual radon levels could not enter the regression analysis because they were only available for some of the province capital cities at study. Also the influence of occupational exposures was not considered but it was considerably reduced by restricting the study to female population, being men more frequently involved in jobs with wellknown exposure to lung carcinogens in a number of occupational sectors. Finally, due to the relatively long latency of lung tumor, PM concentrations were assumed to be a proxy of those of the past, which were the real responsible for the observed deaths. Due to the general decreasing trend of PM concentrations, this assumption might have accused an overestimation of risk in terms of quantitative dose-response relationship, but not in terms of proportion of attributable cases. On the other hand, even though PM monitoring and lung cancer mortality periods are concurrent we assumed that PM concentration differences among municipalities remained constant over time, even though some random misclassifications resulting in underestimation of attributable deaths could have occurred. The use of such indicators together with the not exhaustive inclusion of all the explanatory variables potentially involved in the health outcome under study, in particular radon, could partially explain the relatively low R 2 value observed for PM10 WLS regression.
Indeed, the carcinogenic effect of radon on the lung has emerged by several studies on indoor levels in Europe, North America and Asia. It is considered the second cause of lung cancer after smoking. Current estimates of the proportion of lung cancers attributable to radon range from 3 to 14% and $9% in Europe. However, urban areas, were most people live, tend to have lower radon concentrations than rural areas because the underlying rocks are usually sedimentary and more people live upstairs in apartments. [23] [24] [25] So we could hypothesize that the impact of radon was not high because all the municipalities considered in the present study are province capital cities with most people living in urban areas.
On the other hand, other important etiological factors impacting on the same target organ of PM were also taken into account: first of all smoking exposure, but also socio-economic status as measured by D.I.
Although % smokers is a rough indicator of the real smoking habits of resident populations, it showed the strongest association with female lung cancer mortality in this study.
The association of lung cancer mortality and D.I. in the WLS multiple regression analysis was near statistically significant showing a trend towards a weak association. It must be considered that such weak or even lack of association of lung cancer mortality and deprivation have already been noticed in Southern European cities, differently from what observed for Northern European cities. 31 On the basis of the values of the partial regression coefficient, the main relation under study-mortality vs PM-showed a SMRate unitary increase of 0.325 corresponding to an increment of 3.25 per 10 mg m À3 of PM10 increase . The attributable lung cancer deaths and the corresponding attributable proportion for PM10 exposure above 20 mg m
À3
, computed by the regression model or derived by SMRates attributable risk above and below the levels of the same threshold, showed small estimate differences in the 10 years period under study (2920 and 3449 deaths and 13.18 and 15.56%, respectively). Such differences could be due to the different methodologies used and to the inclusion of the explanatory variables, in particular the percentage of smokers, in the regression model. This inclusion could have lowered the influence of the smoking habit positive confounding effect on PM10 impact. The results of the present analysis, based on a linear regression model and expressed as dose-response relationship, are not directly comparable with the results of analytical studies or meta-analyses, based on the comparison of groups with different exposure levels and mainly expressed by HR or RR estimates. However, these results can be compared with those reporting the attributable fractions. The estimates from some authors, mostly regarding PM2.5 exposure, show a wide range of values (up to 29%) depending on the different countries investigated, the different approaches used and the differences in PM concentrations and composition. [15] [16] [17] [18] We could assume that our estimates, even though based on PM10 concentrations, can be considered aligned to the literature results.
In conclusion, on the basis of the exposure-effect relationship evidenced by the present study, it could be assumed that an overall proportion ranging between 13 and 16% female lung cancer mortality could be prevented by maintaining the PM10 levels below the WHO guideline of 20 mg m À3 , with a prevention of more than 300 female lung cancer deaths each year in the investigated municipalities with an overall annual population of 8 146 520.
It should also be stressed that, where current environmental and health databases are available, this approach could be useful to estimate potential health impacts in areas where expensive and time-consuming analytical studies are not feasible.
Supplementary data
Supplementary data are available at EURPUB online. 
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Key points
It is the first Italian epidemiological study on female lung cancer mortality on all the municipalities of province capital cities with available mean annual concentrations of PM10 and PM2.5, as detected by the official monitoring stations.
A SMRate unitary increase of 0.325 was computed through the multiple linear regression model of mortality vs PM10, after adjusting for smoking habit and deprivation index. On the basis of the above unitary increment the attributable lung cancer deaths for PM10 exposure above the WHO guideline value of 20 mg m À3 were 2920 deaths in 10 years with a corresponding attributable proportion of 13.2%. Maintaining the PM10 concentrations below the WHO guideline of 20 mg m
À3
, an overall prevention of nearly 300 lung cancer deaths per year in a population of 8 146 520 women living in the municipalities at study was evaluated. The estimates of the present study could also be useful to public administrators for cost-benefit analyses concerning the reduction of particulate matter emissions, the consequent decrease of health services expenses and the saving of human lives.
